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(1 * t*",?) s^ r» *'!«» ircnrecto" o«t«*r, fw?«tnlo «c.'»sl'*i» ff^ a 
t«m«©F r^mr^ lSnii: e«m'5tpntfi J« thi* h#li0tty ni^^ftfir « « « ^ l 
t i A. 
^ « totfli esose #««tlflR 6~ lo now «ridim%«« ^ 
now «Vfsltt#1»a o^p «iiB^»t «^ d tf4|»l«t fiail fs%et«s fa 
hsUotty flli^ f^cuf tt»oi^ee r^i «@n»t#^  ^y %^0 « ^ ^^ 
TIIMTJ 
»mi]Liiiiiiii HI' iM I ifiiir—I—ii—wiiiimmiiiiM 
9Cl« 1w 
b^  Ct*''' • I ) 
%^ (m • I ) 
1^ W • f ) 
' ^ • f f # 
1^ , •Qr^bt\y( 
V 
^ It 
^ ^ E i > ; 
' t V r - r / ; ^lEj-Ej, M ^ ^ t i *- 2;. 
•t4l^'')^TiMil+ i^)' 
/ \ A I M "^  (t^+f;.J ^ 
"H ^ ^ "^  H^ fi j (m,-Ni») 
2_-
^-^^MO-^H)^)[^.^.fe)^^(,;_^(i,i U^^i/ 
L\ -5 
as(t;u-fi)^. pr; + G,p(^ y6iT,(_i^ ;(^ i-(H Ll 
(TIf,|?%> 
fT»A 
1» 
wr *' is l l y e- lft\. l t«'!i^ . i?** "'Uf '^A ' •'' '*"^ *%i1«t« •H'^ wti St* 
r -?^ r th® f»* fi#r»*»«<lii»r'0# '^f msfleofi oo tml ln f eonif^tft^** 
tTom Mttioe ^ id'vm i» •0»atiiM ( H M ? ) tt^m f l i t 
d~: 
do 
2S J\-
c[f 
K 
^'' - '^ ^(:^^U^^H^''^(^y] 
:^-^r^^Ui1 + (i<^ipt1'KiT.f^^j + GpM(^;,;d 
• 'i ( Ffi t ' J ) "V 
M ^ t , E ; k 
i _ 
for ttm tmimmtHsm UiUxi%%mp&%lm of t in dontoyoB «l 
mv0%w oT^wlo* have hmn W9pewi9^ Iqr f ©lios^ ©t el'^* a«« 
the obooiirod viiltio for tito tmel OIKMHI tootioii 1« otaimia 
to '1^ In fidr afSPoeiitBt witfe ^%iii^exi»Sai«i thooiy^**^, 
fIko «iall €i#ofi0|i@^oy wtiioli «xi#t I>fi«if00ti ii^ «oi<«*a « ^ tlit 
th^»eti<faliy ?f««l«1ie« mlvmm i t iittxdimtta to tlit «ft9ost«iiit% 
in tho !i«tei!«ie,nti0« of V imeotswi''®"^, tbt ^ t ^ l aiiMmiMiloA 
and t^ 9mi9%n9imm ATmm fvm Tnri'mo tiiooftttioal yoonlto 
oraltiatod \xf ttoitig t l» vnpiono i^  o|>»ot«tt OJP» ^9f9rmA lattiS. 
f 1^ Inruiwle i^o of th& xvootoip t^tinouti^tit wp^^twam l a p l i ^ 
imt on tiMi tii]«^tt vitli tlio iie<iii»i^ ooMsiiiM i^o to* oi> ^ottor 
th«^ tho mmm^ of ataniif^i OSTWMI oootien* i s !ioo»«o«fy f»F 
intoi^xetotioB of mi^ iioiitwil o«w«i!t istowiotfoii oitisoi^wwirf^*^ 
S.©©Tfe>d 0$ imoflLOaip fOiWSrtfOWi* 
XB ohaf^r If oootioii (Xi»t«1)« 119 9^mt %*m^ tho v^isioiis 
thoof«tioiii mUmXmtimm ^Utm for 2^  d->2^ 1190 pvomm do nol 
ooBplotoly ^ jeo wltli oaoli otlioy sii€ e»i iapimvH onlonlntloit 
iltlHSlUll.^  te AOllft i n O f ^ l F %1i <MPIKf»!&fO %dl1(}| t lW OXpOffltiOITtiil, fOl!iltl,%0« 
"^ Ytoli a oaloitlatiQii $})oiili! nmmmiMf inoluao %!« off^tft of 
final 8tn1» intosfiotioiio («oo oi)«i|»tor tt} &fi^ the offioet of 
»o««» oxelifisiiii oufvonto osnli mgrn^tx^Km ^if^oisioiit toeiir^* 
Xn seoiioii(|IX«S*1)» %ft o t n ^ tli« e^iii««t^ii<N>e^»t«fQB 
«lsiiit«fi?iiti«! TMooon® f&p f*«© final ot«ito, fis^eottfif t in 
offiot of fsoooR exelm'^io astwoRto o t o . , i» **tlloity oonoov^ng 
thoofioo of ^lrtb»T$ m-^ SaloEi, fl«o @voy«it ei^ oiui «oHio» io 
bn 
oal€al&t«d using %}m rmrimm mtimuttUm a^etftt «ii4 tte 
a>e-lif» If T^ f5*fiaig»«ol0^ ORl 9t«dy of tiil« fif^ ooaB In fwlLtoity 
n i ^ l n r nttttj^l eiirwnt t!i*exi«s ImmXvim '*» T^ mA *? Intofi* 
cnx-g,i) ptij^iifT ?fliii!fttyylM tMgrttit 
f h® di»ijst«pr tlon ^roas ««etlo$i for thu |ix<»a»«fi :J^  « ^^ -{^  ap» 
Vi^^ \ =. 
/ • 
t , A A \ 
-/, r 
^ C 
)'nM% 
F ^ ; t : . 
F , CI. c 1 A (^-j(: 
FHI^ '-'MAI^  ^ _ ^ ^ : I ^ 1 L 1 I -
n Hfjr, K. <IH,?9) 
3? k 
v/h®s« ^J|(Q ; i s tlw isoi««tor asrlnl usst^r eoBpliiig m«isti««t 
R«a FJ^ CQ ) is the Imttmet&T Br gr^stie eewiilinf arnisti^ it* ^mm^ 
tswi i« 9«5U»tiaii (III,:?9) i» uroT'ortieRaJt t© (1^) »f»# ri^ srss 
n^^lirXhl® o«>nti»ibittiQ»i '^t iwftetop «r«ff^®s. *?!» tlsnits of 
I n tlwt ii1>»«Boe o f f t f i e l at?*'* I i i t«r«;st l»nst th» ssntfiat st«asirt 
f o r 8 i f l ^ » t t "^  JSt^ '^ S i s f ^V t f l f»8 
K. 
.•M'HJo('^7x)-U(r;v^^ (III.50) 
w^wi 
1 
uvk^)^ -'•:-i'-^- ..,L '•^•-- ••-''^x' 
X (rri.^) 
o 
n@fl@otlng '^  9tat®0, 
• h&m Qir«a«i«5^ d the tdt*^ 9S«»8S (Metion <5~(%) fiwpi 
ligr nfiing ~^<s?^ ) -I'^ d tt«* TdpiciM a!ntin«iitrii^ 9ip»9twa wn«i^« 
1^ •^ ftf^ y mth^m ^vtm in t®H« Tfitfil»I«3C , ffm wmfmm 
1^ 1 (Bj7)^ C%-) AEiT 
C) 
^^  ( icj a^r C^^J.'^ ) 
iflmwi H (B^ > in *h» number of afitin«it**ii«« of &mwf^ l?, 
t^r unit m-^rm "^9 fimim !••• the eatineiitiriiicMi imltteA In 
tl» mmt& intmvw^ t^ - t« ^^r* *^y ^ » fwawlt of felimiy 
fission isgr « tfisnal, fssntxwt of a siiii^e ^^^ mmtmmt 'T{\~) 
i s ths thssi«tieii3L osnstss ssstiei) for tlw laPtiiisatsiRs aisifi^i* 
l^ rmtisn px<ss«ss for an iti<i@eaiAg $;(etiiis«tyifis of «nst^ •^^ -
as oaiottlatsA froa stliMitiWB (ZZI«29)« 
•m i^fsssnt mit fisstilts tow m9v?%m sxoss ssslions on t ^ 
s^0itl%tie»s of 27 spoot»«i imm octustioii (xn«|e> in ts^ls 0» 
'di 
this t^lM itren \m%mi nhmm tha tumrn^ ovmrn mmtimm 
in units of mr/-^, m %ml% m in mt/fimim^ whtn th» fiital 
<§inaol#<i»« In ti^ x A^i' npf prnm^mt mm in fwM 'S 9 t i ^ 
mm n u 
cr cr 
^ 0 S * 0 l t 
ivigR»«® III «^d t^ofSsinrntr 4,4o ?.ff 
I owv©£ •t.?a.^"^ t.49 ^.IJ 
f*. '®ifi« ©t.©!* ^ * .04 1.50 
(fi$«s«t} MUtilily aiiffTto l?mgrlMn 
<w ^ f^c•)"^ -
^ l ^ ^ ' 4 ' + f e ) ] -Ac-,p(vi(.;^ ^ r^l r ^ 
CIII,?3) 
ii4 
ttiifS'jilfe^* in ^t^*^-..titm (11,21). the mm&ii& f%nt %Hf€ te ta Iti 
e l a t i o n (nx , ^5 ) (nf© ?irot^©rtld?^?il t© ( 1 ^ ) 8»fl# the««f&f«, 
fratt the im9999%9T Cfempcmsf^t of t»f)«»r ifitetoottaiis* •^t» 
ot «|^  0 i» 0^(0) • -6*71 '>» ©Hfiipeti tjjr Ail«y «t n l ' ^ in mmsk 
«oa©l f»h€Hi(»0?^l© '^*t^l «inaJ.s«t« i-a^ ths> t o t ^ ©IVNMI ei©©ti©ii 
'T' ( ? ^ ) i© «r?'^ l««t©a fey ®f»natlefi ( l 'n.55)« H^© f*ir©P!M»© ef<»©»» 
©•etlea (P ©«« ts© ©T-Jltifstdll fi»« ©ipfttloB (111.58) l?y ©absti* 
tu t ing t i » v t^l«© of T ( %) «t aiff©F©fit a^lf^otfin© ommi©© 
ejjpsa using irerioM© fsRtimwtiin© s^^otra f©ro»t«« in tabl© Vtl» 
t»%i>l© X« o«F ©Ri0iJl^©fl rmitm of «v»«wii© ©SIMM ©©©tisn T~, in 
ttiiit© ©f m?/^ m well a© i a mr/ftmi&n^iB f©r^ >rl©« l?©l«w 
ifi tabl© B* 
p e s t ™ , l o ' - ^ ^ ^ ^ ^ 10-^«BV«lwi«i 
<l«M«»wi»«M»l»iiiil»aM<«»ii«»«M««iMiiiiiii|iB^ iiiiiii I iiiiummmmii IIIIIMHIII Sm IIMIIHIIIIIIIIMI iiii mri i • ii i .1 niiiiimii «iiiiimiini iiiiniwii 
*i?l.<m«ii© Til im& 10.5 5.5 
'»!'?|^iK©«Bl 
' 0«>v©i ©t.el.^-^ 17.9 3mt 
i}ii 
(lltm3) yi^islmin eacggy tt»yy»latlon^ ' '< 
Xa %hi» MetlDn, «• wisli to obtain «»«p«t»r ohmrmhl^^ 
l>TO<»6«iiV(5 ) • A-^2J (1^ • n • p« ^dmm t^ 90A Kg etf* t!« 
i» 1st ]»«%• '?lM vmiiiisr <9or»ilatiofs of t ^ ont^Sim rmntffVim 
&m !)• ttsttHa in d«%9fr«i?ilfig t l i i fi|>ii«Mi»%liM mH ioespin stimo* 
% • • » d i M » » 8 « d tQT >>ClliS'^ 0^ tow «»<lf>iift«« m hiff*t h« f« |4ir««l 
ft 0ofBfl«t« tiitoi^tloal f^im&lt^lm of t M » ^niblan In ait 
tilt VaVi«llt« of ll»iir illt<!tft«ti«il tlMMEIlf i»«»t "^ t ^t ^f ^ « ^ 
T« '^ gg f lmt» |>f«ii«iit a ^sAflRftatlof'. f99 tmXitAtf oon«9wiiif 
?« A tiwoxi^A of w«iii%«i>f mA t i ^ M t3ri»« aol^t* fli»4 thm oonvt^of 
tlio hotiolty f l i f f inf ! ti)toirt#« of ifodk iii«ti»rit oanronto iwm%» 
rim ^ t ^ « ^ ^ TuriiKRto, i^ ho cRpiMMMioii fov onoffsf mwvXt^im 
t&R^im ^<r/iSl^ dE^dO¥iir«d hos;* am \m af^tloi to tiifility onoffiot 
,?3iia lioiMiiittiR tvm^ofor fotoirinl to tti» oirpoviiwnlo ptmaioi at 
01t m^ LiSfPf lit if»t®wio«lftto «f}Of>floo^»^. ^oiiofioftt wrntnmm 
ttem of tHo oo!Ptol»tloii funetioii hi?« henfovtv ^oon noieNi for 
tout onofi^oo fotOTi^ nt to tlio «R|soil»nit« of F«oiott» ot»at«^t 
wlioi* «atjr 3 f^S3!Voo aM i»f<oAtiooA la tlw ftiiiit otnto* tkt 
aoo«l«ii (fn;»9,2> tfo pfttOQiit tlio e^ ot2r«i»o of tho 9x00000 in 
1^» A omvifioto of «#o^ ooittmi mrrmit mi thmi fidiatjroo tho 
lieooooo in s , F, f irf^ M>g»to of iiootrtt ounwtit iw to«lion(ffX»9,3 
60 
i^ K 1^ ^^  
ITT)3-1EX / VC^ 'T)^  lEj (Tini4) 
iip tli8 'H't^ aa of aettt#f^» m^ pL ( ^ t l*«)t f^  (\» f^) **"'* *"' 
(?'o',iie^  saw the fmir '^aisttittta ©f miteEe&nf pv&tm§ nmtwrm mA 
^UAW of th« Bi^tflx «l««»nt tar t!i# *f«s»Itlfliil'«-^2.'iip, 
m mmmmtMmmmJmmmmmm 
i%ti}%P^ 
^ / I j fi -W'2_ 
/^  (IL • ^ • ^ • • ^ • ^ ^ ) 
r^ 
171 (tn.«) 
%r^'s«ji® \ ! , a«it«oifi0 iwwttfiB© ^tmt^^ 9m lm ftntmt^^^ ntdn^ 
II • p Ml -ffiw in »fpm%%m (I.3>« f^ 4»npf«««liifi fur f^ ,^ i s 
• "«•»». (m«?6) 
,> bi 
In the ®Wim d^fttloe (tXI#3^) t!i« ( l l | ^ | ) ei« *t» fmtnT mA 
mitmt^'^ m^.«n for 0«&tt«wa i^ fwt«« mA {^$0^^ *^ ** ^ ^ 
^oliijp is??^  usirmt*^^ *5,'?l»a for neatttwa rumtrm In thm tiniH 
"'f iiu%8tltw%if?e tfiis r^ltm of ^^ in «qiiis(tiofi (in«1!5), 
t*m imte^T^M^m on w©lfjr isa^« 0^ i s €#?»« with t l» h&tp of 
rai«i?"^ir|y i^ -fut^ '^^ lo!*^ w® iwt thi? followtr^g «jtpf«s9ioii for 
J Si • i «(aoiKi.) U<ao«e^ ) 
'•I 
# f^n^tione ifs?M>sff a hmmA&xy ooi^ditlon in •«^»lioa (Tfl.i?) 
jtififi onsairo that the intonation i© mtf 6«IMI owr thoo* «ai#loo 
@^  @(oa ^  whioh ax« eonsiotoRt i«dth onoi^r «»i!ioiiti»i 90fiwiw»» 
tlo« fo? Tjhyoioally allowed YRIUOO of % » ^ »^5 ^* !» ot^ «iP 
to i*orfof» tho v^&Smlmf, Inte^-ffatiois, i t to Hr r l tfiooo^aif to 
know t l» fshyolorlly fillo«?o<! "n l^tioo of "^^^  » %' '^'^ ^ %«*«»t 
tUe osly woisnetior on the itiot^loRt noatflno mmwj ^^^ ! • 
() J 
(lll«5f) is mmewi^lljt «vnl»«i%«d If tl» tvpitsltlan ni^fljt 
h«ii«itj Qm99ievlm f^^^ H^iieity fXippiw® iMRiti^ O. amytwRt 
b« «t?pllel% t^m of '|]|j» --^  f l 3^ d f^fluste the frttrlit •Im'msi 
ia h«li<iit7 e&fi@tsvi!if T, A tf»«0»l«8 m^ thm in fiolieity 
flipr.i«€ "'f f^ '^ tt'-oofiao, ?h© mt!T9lr%imi futietiwit tNi» 
«T.ilttntta utiJif tlw el5«w ssfitHJt eloMftts in ti#© tfwefite ai« 
(ZIX»9«2 ) Billlg fit 
Bj ®.in7;1@ o«l«wlAtle*^» e f^i «abiitftotl»iir t ^ valti* of t l » 
lor tos lo pn& h^vmio eimp^am^m of »«trtJ! olawmt i a Of|tiHti«n 
(III«5)« w» •Vf'ltsato tho HI^ OOIDIM «<|t}iiio of th» timfioitioii 
s e ^ x ^ ol«ei»iitt ']']\\ for ar^all nor»#«t«i tmf?afor <!§ i f tho 
final otiito i@ sin l@t :l ot«ito» 
tlolni^ tli© d«iit®i«0B mn'm lUnotlon f»«ii o^^i t i i r (l#95) 
P M t t » f inal »tat« wBiiwltea«ti^ for oivi^^t 3 iftj^to twa 
•r^iisitioii CI.58 )• til© o3n»f»»»oioi^  for D']^  i o Aofd i^^ d to Ibo 
,v<i -u 
n|^+4^UUf.|±l^lJ;Vj(i-iK' 
• p / • q^'/4 1 B • r^ • t^^ • QV^ CJIX,4C) 
<tlt.4l) 
9 9 
a®^ "9fi«^ r*o® ©f SKird v«ot©i» W3«l«<«i fdjrm fndtor % l^eh i e 
foiw ft?9t0ip ^^(t>) *'* 0 '^ ^^  i^ *^  m^erlocAly Qjslaiil«t0« for 
ir-rioM* WErtiti*®! «i5?s«»t iwjdela nM '-tvm tn ta^t© ?, 
)|^.AA,»;^<.if|^^U4yr i ,L*4J^ ^ 
* Im 5 1 , •?/ 
(1I1.«) 
64 
eontrl feist ion of ttw» t i i » o«i|^ wsm»t of th© v«»tor <»?*««* ta 
r©lntaa to ttie eantf ibnt ior ©f spj-o© o«»|>©fwii«t tl?«»i#f|i ST-fO 
, , i , ^ ) , > . ^ <, I i > . 
0 * • ' Tor tH4a t iw^sAti^nt Hh^T® <i^  j l Of mS. <f\ v^j i>:^©, <f 
Is n©fiiflbl«, *3wn tfwii^ n© h-iw i«^tt©ii At© ©©ntspitftitiosi 
ift t ^ n t i ^ (211.4®) ^hm 0«>®'l!i©d witfe o?e i t a©©9 ?^ ot 
©©fitriiajt©. In •;«SJit?©sft^ 5!8tl.« no^©l, wfmm thmmtlm tm 
i»o»<3 ii^jp aKlal "S^tcsy «?*tr*^!^t» Qvmi tfm Hirst t©i» In 
©fuioticii CIII«42) t?©«8 iwt ©ci«!tjidl«t«. f M » tf*»»'^tl©n la 
(n%9%^ ^ ) 'allally Himto^ Ifegarlaii 
?h« fi'bsisiiite ©*?t5.f^ jp© of t ^ t^r t r ix &lmin^t is ©v?il«*9t«a 
i n ' : , T , 8y?« 'T th#»j-t«>9 ©f n««tr«%l ««i«?©^ fo r -s i^gr © s ^ l 
fii«iis©atiw trfiJ^sf^ir. T*»© iractsxwgKiieti for 
1© <'^ir©a ijjr 
1 
I . 
i© ©ftiflni'-t© ?iB€ 
*^e«/ {«') (1 •••^#i) (m.«s) 
ii^i 
in «^uatio« (111,41)# <?»(«*) i» *He laoiwei'^r ooiip«sr«iBt of thi 
ia ths C 4®:«itd0fii5® ef t®r.«0» cK^plinm ooT^sti^ ©f imolaaii 
f^(Q^), ^ i a h i s iwii in s^atioii (Xl.tf )• ^1» naB»H«al 
,.,.:|^.£.?. ( 1 • i r ^ ) j (111.44) 
j>«T« G^(c) -^ -^  S„ (c ) ara tl^ «a i«os«si»l«yp treses? -nna IsnscMilar 
9 
of tl^»« «»«8i5lif^ .'' •':t'!=*»fitn'--t0 «* f •• 0 i e <^ iT!j» in '5a«»ilr a©^*! 
aR4 sm Eio*l«t in tabl« ' / I . 
'HI I——n—iin• I nmmmtmmimmimiimimiimmmmmmimmmmmmm 
the mielddfi ^nmsf^ eorretntimi Itenotida dTcx/^-IBL i s 
•iralmst^a f»3ii e^atitm (211.57) 1^ 0»l>etitttti«^ t!» vf%ia« of 
i> 1 
•L. 
'^wp^' m ^IJU^ui IW|* Q / \ ^ ' f l 
V, 
i « 1 TCif»®9«nt« f o r 8 i n r l « t s stfst* iifiA i « t T9pmmft9 *'»y 
tf4| jX«t S f i n a l 9tat«« t l i# fte»etl<m« "^,aR« Gj^f©y u l i i i ^ t t 
XaMI • f OS^F 6 
i)/ 
enlly frm ©iittiitieaa (111,45) mmmmiw f^, p^^ "€,¥'£» t^wm 
fursotiors in t h i s «KI>««»SSOII $simmB a lJfl«fMtgr ooRdltinn !»» 
s^ f^g^a^ j^ •• \.''-%'-T'^ '-^i' 4St\if^oom^^oiim^y (Tn.47) 
^rrrxiii T^bt -^^ f 
. i th t£i» "Shr-R^ s^  of V ifi®bX«t th« imaXeoa «n«if!y eoir^lw* 
t i » :tm«*4^i ^^^*^/'^1^^t*ltS» '^^ ^ '^'^  '^* 0c|tt.ttlo?i ( l t l . 49 ) 
( in , ?©) 
iio 
^^9 "^2 ^^ ^^i^K^ ^A mtstiwum vtiinit of Cd«@^ « "to attt«iBftfit 
a«tar'd!i« the |»lsf«9l«al.ly alloMNI v®!*!** ©f '^ •>^ , '^ ' «id ^^ 
Clii-%9 h } ^MMIf OInffiM tliftftltoi* 
Using %hB raltift of D^(if« of tfm tim^iiti'm nntHT^ 
«laa»nt far It^lloltjr fli|j*lii|? tli©oiPi@« so f^^mn in 
•^mtioRo (111,4?) si^ fi (in»44) for »lfii^®t »?!« tflipl«t n 
st»t«», <^» ©sfi «Vf^ lttmt« thB ^^n&w3L Wflttlt for ooriwlwtiofi 
d(Ooaii|) [ «(0o9§^) 
X-
<ni«5i) 
whem S » f fQpT0w»ntii for oinglot S flfteiio e^ 4i | • 2 f«|iii»o«9it« 
for tTifiiolj fi »ts*t«« fho fiKietlowe J-CMtS) foiP olwflot «m« 
t i l f lot final st'itoo nm ri^ Oft ao felloi«i 
—9 r>. 
i^  i; i^ ' i' 
i)J 
of «»ttti%»©ii mi^  tiMiwfoiw nm ixi^lMpmm^t of ii»ol««ii «o»««tm. 
oOBC 
/ ^ . J « / . ' ' ^ '^- ^'^ 
?l? 
v/c 
wl»i» 1 (3 • l»2) '^ rt iflwn in •Rations ( m , 5 « ) oni Oj t V 
^1» ^2 ***** ^ ^** * * * * **• «i»»o»tt>#d In CMiotlom (111,35 m ) a?*4 
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